INTRODUCTION
Muscle forces at the shoulder play a predominant role in maintaining joint stability. There is evidence in the literature that an increase in muscle activation results in an improvement in joint proprioception, which may help enhance joint stability. To our knowledge, a previous study from our laboratory was to first to demonstrate a graded response in joint position sense (JPS) at different levels of muscle activation (Suprak et al., 2006) . However, one of the limitations of that study was that changes in muscle activation were also accompanied by changes in joint angle. Therefore, the changes in JPS could have been due to either of these factors. The present study was designed to overcome previous limitations. By manipulating trunk angle, we propose a model in which we can directly compare JPS at different joint angles (at the same resistive torque) and at different resistive torques (at the same joint angles).
METHODS AND PROCEDURES
Twenty-four healthy volunteers (22.1 ± 3.5 years) participated in this study. Kinematic data of the humerus and thorax were collected with a Polhemus Fastrak 3Space magnetic tracking system (Colchester, VT, USA). Bony landmarks were digitized in order to establish anatomical coordinate systems (Wu et al., 2005) . A head mounted display (I-O Display Systems, Sacramento, CA) allowed for the presentation of kinematic data to the subject while suppressing any extraneous visual cues. A chair was designed to allow the torso of each subject to be tilted backward by 45 degrees (figure 1). A total of six target positions (45, 60, 75, 90, 105 , and 120 degrees of humerothoracic elevation) were presented to the subjects in a randomized order. Testing at each target was performed both with the subject upright and tilted.
Figure 1 -Experimental Setup
In the head-mounted display, the subject was presented with the output from the sensors which served to guide the subject to the target position. The screen then went blank and the subject was required to maintain the position for five seconds and then returned the arm to the starting position. The subject then attempted to replicate the presented arm orientation. The angle between the presented position and reproduced position in 3D was calculated as the vector error (Suprak et al., 2006) . A two-way, repeated measures ANOVA was conducted with two within subject factors (tilt and target angles). Three target positions for each tilt were matched so as to require the same torque. An additional two-way repeated measures ANOVA was performed with two within subject factors (tilt and joint torque).
RESULTS
The two-way ANOVA with matching joint angles revealed no main effect of tilt (p = 0.494) and a significant interaction between condition and joint angle (p<0.05) ( figure  2A ). Follow-up paired t-tests demonstrated that for all joint angles, there was no significant difference between conditions (p>0.05). The two-way ANOVA with matching joint torques revealed a main effect of tilt (p = 0.002) and no significant interaction between condition and joint angle (p=0.970) (figure 2B).
Figure 2 -Analysis of data matched on (A) Joint angle and (B) Torque

DISCUSSION
The results from the present study demonstrated no significant difference when the two conditions were compared on the basis of joint angle, but there was a significant effect when they were matched on joint torque. In a parallel study in our lab, we found that by increasing joint torque with the addition of weights, there was an increase in JPS accuracy (Suprak et al., 2007) . However, the magnitude of that effect was much lower than what we observed in our elevation study. One theory that would fit the data from all three experiments is that there is an effect of both joint angle (present study) and joint torque, but the effect of joint angle is much stronger. It is likely that humans incorporate both muscle activation and some intrinsic coordinate system based on muscle length, joint receptor activation and skin deformation when positioning a joint. It seems intuitive that the body may preferentially use one input more than another or in combination with another as opposed to selecting which afferent system to utilize at a given time.
SUMMARY
In summary, when comparing upright and tilted conditions, we found matching based on elevation angle demonstrated no significant difference, while there were differences when matching was based on resistive torque. This would appear to implicate elevation angle at the shoulder as playing a more important role in joint position sense than joint torque. However, we cannot rule out an effect of torque that was overshadowed in the present study.
